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Abstract 
A ground source heat exists in a ground shallower than about 100 m in depth. The ground source heat was applied for heat pump 
for air conditioning and snow melting, etc. However it is not popular in South area of Japan. We focus on the ground source heat 
application in warm region, especially for air cooling. The ground temperature at isothermal layer, about under 5m depth, is constant 
at about 18 °C in Saga, Japan. This temperature is lower than the temperature required for air cooling. Then a heat pipe with ground 
source heat can be used instead of a heat pump with atmosphere heat source, usually used for air cooling. Heat pipe could operate 
with smaller energy consumption than heat pump. Nevertheless the cycle operated like heat pipe is not used for ground heat source 
application. The novel ground source heat application cycle, which could operate as heat pump and heat pipe, suit for an air cooling 
was investigated in this research. The cycle operation condition is controlled by the average density. The cycle simulation of this 
cycle is investigated. From the calculation results, heat transfer rate and exergy loss of cycle changed with refrigerant average 
density. And also the best density condition was changed with the heat source temperature. Heat pipe operation could operate as 
1.32 times (R410A) and 1.34 times (R407C) higher the heat transfer rate per unit the total irreversible loss compared with heat 
pump operation ('P = 0.1 MPa). And heat pump operation ('P = 0.1 MPa) could increase a heat transfer rate 1.23 times (R410A) 
and 1.29 times (R407C) compared with heat pipe operation. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 6th BSME International Conference on Thermal Engineering 
(ICTE 2014). 
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1. Introduction 
A ground source heat is heat energy existed in a ground shallower than about 100 m in depth. The ground source 
heat was applied for heat pump for air conditioning and snow melting, etc. The annular geothermal energy was 423,830 
TJ during 2005-2009 [1]. There are many researches about ground source heat pump applied for a school building, an 
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office building, etc. [2-5]. Most of the work has been performed on a usual heat pump cycle which used with an air 
source. We focus on a ground source heat application in warm region, especially for air cooling. Ground source heat 
application is not popular in warm region even in South area of Japan [6-8]. However ground source heat has a potential 
to reduce an air cooling energy consumption. The ground temperature at isothermal layer, about under 5m depth, is 
constant about 18 °C in Saga, South area of Japan. This temperature is lower than the temperature required for air 
cooling. Then a heat pipe with ground source heat can be used instead of a heat pump with atmosphere heat source. 
Heat pipe could operate with much smaller energy consumption than heat pump. It is better if the cycle could also 
operate as heat pump when high heat load was required. The cycle which can operate as both of heat pump and heat 
pipe is suitable for ground source heat application. The cycle can operate as heat pump mode using compressor, and 
it could operate as heat pipe mode using liquid pump, according to the heat source condition and heat load. It needs to 
control a refrigerant charge in the cycle to change operation modes, heat pump and heat pipe. Because refrigerant state 
has to be vapor state before compressor in heat pump operation and has to be liquid state before liquid pump in heat 
pipe operation. And the refrigeration state is due to a refrigeration change in the cycle. In usual heat pump, refrigerant 
charge is adjusted to make condenser outlet refrigerant as two phase, because heat transfer rate decrease if outlet state 
become liquid state. It needs to change the refrigerant charge to make condenser outlet refrigerant as liquid state. 
Moreover it is known that there was optimum refrigeration charge for each heat source conditions [9-12]. Refrigeration 
charge in normal cycle is fixed when it was charged. If the refrigerant charge could be control, the suitable cycle for 
ground source heat use could be actualized.  
A novel cycle which controlled by the average density was investigated by cycle simulation in this research. A 
refrigerant average density could be used by dividing a refrigeration change by the volume. Heat pump operation is 
expected to increase a heat transfer rate, and heat pipe operation is expected to decrease an irreversible loss. Two types 
of refrigerants were used pseudo azeotropic mixture R410A and zeotropic mixture R407C. R410A is popular 
refrigerant used as room air conditioner, and R407C was used to clarify an effect of zeotropic mixture. 
 
Nomenclature 
c Specific heat  
h Enthalpy 
L Exergy loss 
m Mass flow rate 
Q Heat transfer rate  
T Temperature 
U Heat exchanger heat conductance 
x Quality 
 
ρ Density 
 
 
2. Cycle Simulation 
2.1. Cycle for ground heat source application 
A schematic diagram of the cycle was shown in Fig. 1. The elements of the cycle are condenser, evaporator, 
compressor, expansion valve and liquid pump. A heat pump operation consist of a compressor, a condenser, an 
expansion valve, and an evaporator the short dot and solid line and in Fig. 1. In a heat pipe operation, the liquid pump 
is used instead of expansion valve and the compressor is not used as shown in the long dot line in Fig. 1. The state of 
refrigerant must be liquid phase before the liquid pump and vapor phase before the compressor. This is actualized by 
the average refrigerant density control. 
 
Subscripts 
Con Condenser 
Eva Evaporator 
Exp Expansion valve 
in Inlet 
LMTD Log mean temperature difference 
out Outlet 
r Refrigerant 
s Heat source 
sl Saturated liquid 
sv Saturated vapor 
total Total 
0 Environment 
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2.2.  Governing equations 
The system of governing equations was solved in a cycle simulation. The pressure difference between evaporator 
and condenser was set as calculation condition. The pressure difference at liquid pump consisted in heat pipe operation, 
the long dot line in Fig. 1, was set as 0 MPa. A heat transfer rate of evaporator and condenser were calculated by the 
refrigerant enthalpy change, the heat source temperature change, and logarithmic mean temperature difference for 
refrigerant and heat source, respectively. The evaporator process was assumed as isobaric. Average refrigerant density 
of evaporator was calculated by density and quality of refrigerant at inlet and outlet as shown in Eq. (1). 
 
ߩா௩௔ ൌ
ʹሺݔଵ െ ݔସሻ
ݔଵ െ ͳߩଵ ൅
ݔଵߩ௦௩ െ
ݔସ െ ͳߩ௦௟ െ
ݔସߩସ
 (1) 
 
Average refrigerant density of condenser was calculated as same as evaporator. Total average refrigerant density 
was averaged by volume weighted equation as below. 
 
ߩ௧௢௧௔௟ ൌ
ߩ஼௢௡ ஼ܸ௢௡ ൅ ߩா௩௔ ாܸ௩௔
஼ܸ௢௡ ൅ ாܸ௩௔  (2) 
 
The process assumed as isentropic in compressor and isenthalpic in expansion valve. 
Exergy loss of the condenser, the evaporator, the expansion valve, and whole cycle were calculated for a cycle 
estimation. 
 
ܮ஼௢௡ ൌ ଴ܶ ቊ݉௥ሺݏଷ െ ݏଶሻ ൅ ܿ௦ǡ஼௢௡݉௦ǡ஼௢௡  ௦ܶǡ஼௢௡ǡ௢௨௧
௦ܶǡ஼௢௡ǡ௜௡
ቋ (3) 
 
ܮா௩௔ ൌ ଴ܶ ቊ݉௥ሺݏଵ െ ݏସሻ ൅ ܿ௦ǡா௩௔݉௦ǡா௩௔  ௦ܶǡா௩௔ǡ௢௨௧
௦ܶǡா௩௔ǡ௜௡
ቋ (4) 
 
 
 
Fig. 1 Schematic diagram of the cycle 
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Table 1  Simulation parameters 
Condenser 
Volume VCon 0.1 m3 
Thermal conductance UCon 0.15 kJ/K 
Heat source mass flow rate ms,Con 0.07 kg/s 
Heat source specific heat cs,Con 4.179 kJ/(kg K) 
Heat source inlet temperature TCon,in 18 °C 
Evaporator 
Volume VEva 0.1 m3 
Thermal conductance UEva 0.15 kJ/K 
Heat source mass flow rate ms,Eva 0.07 kg/s 
Heat source specific heat cs,Eva 4.179 kJ/(kg K) 
Heat source inlet temperature TEva,in 24, 27, 30 °C 
Others 
Refrigerant mass flow rate mr 0.005 kg/s 
Ambient temperature T0 30 °C 
Pressure difference 'P 0.0 - 0.2 MPa 
ܮா௫௣ ൌ ଴ܶ݉௥ሺݏସ െ ݏଷሻ (5) 
 
ܮ்௢௧௔௟ ൌ ܮ஼௢௡ ൅ ܮா௩௔ ൅ ܮா௫௣ (6) 
 
2.3. Simulation procedure 
The flow chart of the calculation procedure was shown in Fig. 2. Pseudo-azeotropic mixture R410A and zeotropic 
mixture R407C were used as refrigerant. The operation was assumed air cooling and changed cooling heat source 
temperature 24°C, 27°C, and 30°C. And the average refrigerant density in the cycle, heat exchanger performance of 
condenser and evaporator, the heat source temperature and flow rate, refrigerant flow rate, and pressure difference 
between condenser and evaporator were given as simulation parameters as shown in table 1. The pressure difference 
between condenser and evaporator was set as 0.0 MPa in heat pipe mode and less than 0.2 MPa in heat pump mode. 
The refrigerant state must be liquid before the liquid pump in heat pump mode. And it must be vapor before the 
compressor in heat pipe mode. In calculation procedure, enthalpy difference become less than 0.05 % and Difference 
of Thermal conductance become less than 0.01 %. Thermal properties were calculated by REFPROP ver. 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Results and discussion 
T-s diagrams at minimum, optimum and maximum density with each heat source temperature with the pressure 
difference 0.0 MPa were shown in Fig. 3 and Fig. 4. R410A and R407C were used as refrigerant respectively. The 
 
 
Fig. 2  Flow chart of the calculation procedure 
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liquid pump inlet point 3 and outlet point 4 was plotted at same position, and point 1 and 2 was at same position also. 
The T-s diagrams with the pressure difference 0.1 MPa were shown in Fig. 5 and Fig. 6. An azeotropic mixture R407C 
has temperature glide in two phase region as shown in Fig. 4 and Fig. 6. In the T-s diagrams, the condenser pressure 
was increased with the average density increase. Due to the pressure increase, two phase temperature in the condenser 
also increase. Moreover high average density condition contained much liquid and entropy became small. Then the 
diagram shift to the upper left due to average density increase. The heat pipe operation with the pressure difference 
0.0 MPa must took liquid phase at the liquid pump inlet. The state at liquid pump inlet became saturated liquid at the 
minimum density, as shown as red line in Fig. 3 and Fig. 4, and it became two phase in lower average density. And 
the heat pump operation must took vapor phase at the compressor inlet. The state of compressor inlet became saturated 
vapor at the maximum density, as shown as black line in Fig. 5 and Fig. 6, and it became two phase in higher average 
density. In the case higher than 217 kg/m3, as shown as black line in Fig. 3, with the pressure difference 0.0 MPa and 
lower than 84 kg/m3, as shown as red line in Fig. 5, with the pressure difference 0.1 MPa, the relation between 
refrigerant temperature and heat source temperature was inversed in a particular region. Then the calculation was not 
done in these conditions. 
 
Fig. 3  T-s diagram  
(R410A, 'P = 0.0MPa, TEva,in = 30°C) 
 
Fig. 5  T-s diagram 
(R410A, 'P = 0.1MPa, TEva,in = 30°C) 
 
Fig. 4  T-s diagram 
(R407C, 'P = 0.0MPa, TEva,in = 30°C) 
 
Fig. 6  T-s diagram 
(R407C, 'P = 0.1MPa, TEva,in = 30°C) 
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The relations between the heat transfer rate and average density for various evaporator heat source inlet temperature 
were shown in Fig. 7 and Fig. 8. The heat transfer rate took high value in the case two phase state occupied area in 
heat exchanger was large. The temperature difference with heat source was decreased in superheat or subcool region 
because the refrigerant temperature substantially increased or decreased there. In the case the average density 
increased, the temperature difference between heat source and refrigerant in the evaporator increase, but that in the 
condenser decrease. The heat transfer rate was mainly effected by two phase area. Then the heat transfer rate increased 
with the average density increase in heat pipe operation and decreased in heat pump operation. The heat transfer rate 
took a peak with pseudo-azeotropic mixture R410A as shown in Fig. 7. An azeotropic mixture R407C has temperature 
glide even in two phase region. The maximum heat transfer rate were took at yellow line condition in Fig. 3 and Fig. 
5, which the temperature difference of refrigerant in heat exchanger became close to that of heat source. The heat 
transfer rate with R407C did not take a peak with average density change as shown in Fig. 8 because the temperature 
glide of refrigerant is larger than heat source temperature difference. The optimum density was different in each heat 
source temperature condition. And average density range where the heat pipe mode and the heat pump mode could 
operate, did not overlap. To operate in the heat pipe and the heat pump mode, it is essential to control an average 
refrigerant density. The variation of the heat transfer rate and the heat transfer rate divided by the total irreversible 
loss with pressure difference was shown in Fig. 9 and Fig. 10. The temperature difference between refrigerant and 
heat source in heat exchangers increased with increasing the pressure difference, then the heat transfer rate increased. 
However the total irreversible loss increased more than the heat transfer rate increase. The cycle could operate as heat 
pipe with low power assumption and low irreversible loss when heat load was small. R407C took lower heat transfer 
 
Fig. 7 Heat transfer rate with average density (R410A) 
 
Fig. 8 Heat transfer rate with average density (R407C) 
 
Fig. 9 Heat transfer rate with pressure difference  
(R410A, TEva,in = 30°C) 
 
Fig. 10 Heat transfer rate with pressure difference  
(R407C, TEva,in = 30°C) 
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rate for irreversible loss in heat pipe operation than R410A. It is because that the temperature glide of refrigerant did 
not match to heat source temperature change.  
4. Conclusions 
This paper analyzes the cycle which suit for ground source heat application by the cycle simulation. Heat pipe 
operation could operate as 1.32 times (R410A) and 1.34 times (R407C) higher the heat transfer rate per unit the total 
irreversible loss compared with heat pump operation ('P = 0.1 MPa). And heat pump operation ('P = 0.1 MPa) could 
increase a heat transfer rate 1.23 times (R410A) and 1.29 times (R407C) compared with heat pipe operation. The 
irreversible loss of the cycle using zeotropic mixture R407C would be smaller if the temperature glide fit to the heat 
source temperature change. The temperature change of heat source was too small in present case. By the cycle 
simulation we could find that the cycle could operate as heat pipe with low power assumption and low irreversible 
loss when heat load was small. 
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